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Abstract
This paper provides ﬁrst evidence on the social returns to education from both
ﬁrm-level and regional human capital. Using panel data from German social security,
both at an individual and aggregated at the plant and regional level, I estimate earn-
ings functions incorporating measures of regional and ﬁrm-level human capital while
controlling for various types of unobserved heterogeneity, demand shocks, regional
physical capital and other regional and ﬁrm-level confounders. The results suggest
negligibly small external returns to the ﬁrm-level shares of high-skilled workers. On
the regional level, the results show no support for external returns to education, except
for skilled workers.
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11 Introduction
This paper considers for the ﬁrst time the importance of both regional and ﬁrm-level human
capital for the existence of external returns to education. Following the literature on this
topic, e.g., Acemoglu and Angrist (2000) or Moretti (2004a), external returns to education
are deﬁned as the increase in an individual’s wage caused by the increase in the share of
high-skilled workers in a given region, in this case a county, or a ﬁrm. Theoretically, this
relationship can arise either due to imperfect substitution between high- and low(er)-skilled
workers, where an increase in the share of high-skilled workers may raise the productivity of
lower-skilled workers, or because there are human capital spillovers (see Moretti, 2004a,c,
for models embedding both possibilities).
Human capital spillovers may arise through a number of diﬀerent factor. First, there
may be “pecuniary externalities” that arise through the interaction of ﬁrms’ and work-
ers’ investment decisions under imperfect information (see Acemoglu 1996 for a formal
model).1 These models eﬀectively predict a relationship between the regional supply of
high-productive or high-qualiﬁed workers and average wages of all skill groups. Second,
the externalities may arise through an improved matching between workers and ﬁrms. The
general idea, which can be traced back to Marshall’s “Principles of Economics” (Marshall
1890/1961), is that a high share of workers with a certain level of education in a cer-
tain region implies a high number of jobs for workers with that qualiﬁcation level. This in
1The basic idea may be sketched as follows: Firms investment decisions are positively inﬂuenced by the
qualiﬁcation level of the (regional) workforce as this allows ﬁrms to replace quitting workers more easily
(see Acemoglu, 1997a, for a formal model) what in turns inﬂuences workers decisions to invest in human
capital. The externalities arise because ﬁrms may not observe the true qualiﬁcation or productivity of
single workers which has two eﬀects. First, ﬁrms use regional average human capital as an indicator when
deciding on future investments. This creates a positive relationship between regional human capital and –
through the fact that human and physical capital are assumed to be complements – higher wages. Second,
workers and ﬁrms are matched imperfectly which means that some low productive workers are matched to
workplaces with higher amounts of physical capital and higher wages than in a competitive market with
perfect information.
2turn raises the likelihood of “good” worker-ﬁrm-matches and consequently productivity and
wages. This explanation predicts a positive relationship between the supply of workers of
a certain qualiﬁcation level and the wages of workers with this qualiﬁcation level. Finally,
another line of theoretical reasoning leads to “non-pecuniary” or technological externali-
ties. The basic idea here is that workers may learn from each other through interactions,
learning by doing or imitation.2 A higher share of productive or high-qualiﬁed workers
enhances the likelihood of such knowledge spillovers and consequently leads to higher re-
gional productivity and growth. If one is willing to assume that learning spillovers are
more likely to occur from higher (or equal) to lower qualiﬁed workers, one would expect a
positive relationship between individual wages and the share of workers with a higher or
equal qualiﬁcation than the respective individual.
On an empirical level, the existence of a relationship between measures of regional,
industry- or ﬁrm-level human capital and individual wages is far from clear. On a re-
gional level, Rauch (1993) and Moretti (2004a,b,c) for the US and Heuermann (2008) for
Germany ﬁnd evidence in favor of a positive relationship, while Acemoglu and Angrist
(2000), using US census data, report insigniﬁcant and economically negligible external re-
turns to education. On the industry level, Winter-Ebmer (19994) for Austria, Sakellariou
and Maysami (2004) for Venezuela and Kirby and Riley (2008) ﬁnd evidence in favor of
(positive) external returns, while Sakellariou (2001) ﬁnds no such evidence for Guatemala.
Finally, for ﬁrm-level human capital, Battu, Belﬁeld and Sloane (2003) for the UK, Martin
and Jin (2008) for Portugal and Mas and Moretti (2009) for a single US ﬁrm ﬁnd strong
evidence for the existence of external returns within ﬁrms.
2Formal models for regional human capital have been provided by Lucas (1988), Jovanovic and Rob
(1989), Murphy, Shleifer and Vishny (1991), Benabou (1996), Acemoglu (1997b), Glaeser (1999) and
Acemoglu and Angrist (2000). See Martins and Jin (2008) for a model in terms of workplace interactions.
3This paper builds on the previous empirical literature and considers for the ﬁrst time
jointly the eﬀects of both regional and ﬁrm-level human capital.3 Distinguishing between
these eﬀects may be worthwhile for a variety of reasons. First, as emphasized by Moretti
(2004c), the question whether human capital spillovers lead to a market failure depends
on whether the spillover occurs within or outside the ﬁrm. If there are spillovers within
the ﬁrm, these may be internalized in the wages of the high-skilled workers (or more gen-
erally, in the wages of those workers that are the source of the spillovers), while spillovers
that cross ﬁrm-boundaries are closer to pure externalities. As measures of ﬁrm-level and
regional human capital are imperfectly positively correlated, studies using only one mea-
sure of human capital estimate a mixture of the true eﬀects of both types of capital and
consequently cannot distinguish between spillovers within and across ﬁrm boundaries.4
Second, the two types of human capital may have (theoretically) diﬀerent eﬀects: Learn-
ing and other types of technological human capital spillovers require a certain level of in-
teraction between workers (see, e.g., the theoretical model developed in Martins and Jin
(2008)). As interactions between workers in the same ﬁrm can be expected to occur more
frequently than interactions between workers in the same region, ﬁrm-level human capital
seems more relevant than regional human capital in this case. Acemoglu’s (1996, 1997a)
models are explicitly related to regional human capital. In fact, relating his models to
ﬁrm-level human capital seems rather far-fetched as the models’ mechanisms are driven by
ﬁrms’ imperfect information about the supply of high-productivity workers. This lack of
information seems unlikely with respect to the ﬁrm’s own workforce. For arguments relat-
3I ignore the industry level due to data constraints. For the ﬁrm and regional level, the available
measures are calculated using data on the population of workers and consequently do not suﬀer from
sampling error. Such measures are not available for the industry level.
4A look in the data used in this study (see section 2 for details) reveals that the correlations between the
ﬁrm-level and regional shares of low- and medium-skilled labor are around 0.13 to 0.15 while the correlation
for high-skilled labor is around 0.34.
4ing the external returns to education to improved matching of workers and ﬁrms, one might
argue that regional human capital, capturing, e.g., the number of jobs for high-qualiﬁed
workers, may be more relevant than ﬁrm-level human capital. Note, however, that I do not
suggest that only ﬁrm-level human capital matters for learning and only regional human
capital matters for matching as, e.g., learning may also occur between ﬁrms and workers
might improve job matches within ﬁrms by moving in a diﬀerent department. Nevertheless,
there is a clear possibility that the eﬀects of the two types of human capital may diﬀer.
In this paper, I use panel data from German social security records at the individual
and aggregated at the ﬁrm5 and regional level. Following, e.g., Moretti (2004a,c), I esti-
mate standard wage functions augmented by various measures of ﬁrm-level and regional
human capital. In these estimates, I address some of the major concerns for identiﬁca-
tion, speciﬁcally unobserved regional and individual heterogeneity, as well as unobserved
demand shocks for various skill groups that may aﬀect both the workforce composition in
a region or ﬁrm and the wage levels. I also control for various measures of regional physical
capital and allow for worker-ﬁrm-region-speciﬁc (“match-speciﬁc”) unobserved heterogene-
ity in some speciﬁcations.
I also provide evidence for workers with various levels of education which allows me to
gain some insight on the question whether the external returns are caused by imperfect
substitution or by human capital spillovers. The main reasoning here is quite simple (see
Moretti, 2004a,c): Imperfect substitution leads to a positive relationship between the wages
of low-skilled workers and the share of high-skilled workers, while standard demand-supply
considerations predict a negative relationship between the share of high-skilled workers and
their own wages. Hence, the relationship between the share of high-skilled workers and
5“Firm” in this context refers to the local production unit, the plant, which is also the place where
workers typically interact. “Firm” and “plant” are used alternatively in this paper.
5the wages of low-skilled workers could be positive even in the absence of spillovers, while
a positive eﬀect, in particular one related to the regional share of high-skilled workers, on
the wages of high-skilled workers would constitute evidence for the existence of spillover
eﬀects.
2 Data and descriptives
The individual level data used in this study comes from the so called employment panel of
the Federal Employment Agency (BA- Beschäftigtenpanel) for the years 1999 to 2006. The
speciﬁc time frame is chosen as some additional variables from other data sources are only
available for that period. Speciﬁc information on an earlier version of the employment panel
can be found in Koch and Meinken (2004), the current version is described (in German)
in Schmucker and Seth (2009).
The individual data originates from social security information and is collected in the
so called employee history by the Federal Employment Agency.6 In Germany, employers
are obliged by German law to deliver annual information on their employees, as well as
additional information at the beginning and end of an employment, to social security.
These notiﬁcations are used to calculate pensions, as well as contributions to and beneﬁts
from health and unemployment insurance. The data contain information on the begin
and end of employment, daily wages, a person’s age and sex, as well as several variables
collected for statistical purposes, e.g. education or nationality. The resulting spell data
cover approximately 75 - 80% of the German workforce, excluding free-lancers, the self-
employed, civil servants and (unpaid) workers helping in family businesses (Koch and
6More information on person-level data from German social security records can be found in Bender at
al. (2000).
6Meinken 2004, p. 317).
The employment panel is drawn from the employee history in a two step procedure.
First, all persons born on one of seven speciﬁed dates are selected. As the German social
security number is tied to the date of birth and does not change over time, it is possible
to track those persons over time. Additionally, entries in and exits from the labor force
are automatically covered by this procedure as new entrants born on one of these dates
replace persons leaving the labor force. In a second step, the panel is formed by drawing
four cross-sections per year – on the last day of March, June, September and December
respectively – from this data. Finally, if a person receives unemployment beneﬁts or is in
an active labor market program on one of those days, an artiﬁcial observation indicating
this fact is generated from other data sources of the Federal Employment Agency. The
resulting panel is unbalanced due to entries into and exits from the labor force. However,
there is no missing information due to non-response. As most records in the data are based
on the annual notiﬁcations to social security, which means that there is essentially no wage
variation within the year for these observations, this study uses only the last observation
available for each year.
The person level data is combined with ﬁrm information that is formed by aggregating
social security data on the plant level. The plant data provide information on the structure
of the respective workforce regarding education, age and occupational position, the plant
size and the industry aﬃliation of the respective plant.
The data also contains information on the county (Kreis or Kreisfreie Stadt) where
the worker’s employer is located. A German Kreis is similar to the US counties in the
hierarchy of public administration. It is the third highest level of administration, placed
above the communal level, but below the Federal States (Bundesländer) and the country
7administration, the Bund. A county usually covers several towns or villages (Kreis) or
one large city (Kreisfreie Stadt). In two cases, Berlin and Hamburg, it is also identical to
the Federal State (Bundesland). The average population of a county (in 2003) is 192,502
with the smallest county being the city of Zweibrücken with a population of 35,677 and the
largest county being Berlin with a population of 3,391,515. Note at this point that Berlin is
not in the sample as I focus on West Germany. Given that the economic conditions in East
and West Germany were still very diﬀerent at least at the beginning of the Millennium (see
e.g. Barrel and te Velde (2000), Franz and Steiner (2000) and Klodt (2000)), focusing on
West Germany allows me to ignore the eﬀects of the East German transformation process
and allows for a cleaner identiﬁcation of the human capital eﬀects.
To capture the amount of regional human capital, I again use social security records,
in this case aggregated at the county level and provided by the statistics department
of the Federal Employment Agency. This data can be accessed through the website
www.regionalstatistik.de which is operated by the Federal Statistical Oﬃce and the Sta-
tistical Oﬃces of the Federal States. I also used this site to obtain other regional variables
that will later be used to capture regional physical capital, experience of the regional
workforce (approximated by the age distribution) as well as regional unobserved economic
shocks that may inﬂuence labor demand, in particular changes in the number of ﬁrms and
the local unemployment rate.
Human capital on the ﬁrm or regional level is measured by the shares of low-skilled,
skilled and high-skilled workers in the total number of workers in the respective plant or re-
gion. Low-skilled workers are deﬁned as workers without post-school training, regardless of
the amount of secondary schooling, while skilled workers have completed vocational train-
ing and high-skilled workers are those with an academic degree. All values are calculated
8without the education of the individual under observation to address potential endogeneity
concerns, for instance raised in Angrist and Pischke (2009, pp. 193-197). The measures of
individual human capital are formed in an identical way. I also calculate potential experi-
ence as age - 6, which is the school-starting age in Germany, - the usual years of schooling
associated with a certain degree.
To arrive at the estimation sample, I ﬁrst drop persons younger than 25 and older than
60 to avoid problems with ongoing education and early retirement. I further restrict the
sample to regular, full time workers, dropping trainees, home and part-time workers as well
as the unemployed. Wages that are top-coded at the contribution limit to social security
are imputed using a Tobit-based imputation as described in Gartner (2005).7 Note that
the wages of low-skilled and skilled workers are considerable less aﬀected by censoring than
those of high-skilled workers, which should bias the parameter estimates for high-skilled
workers downward. Finally, I drop the top/bottom 1% of the wage distribution to control
for outliers and keep only West-German men to avoid problems with gender-speciﬁc labor
market participation and the large economic diﬀerences between East and West Germany.
The resulting sample covers 1,266,905 person-year-observations from 239,036 individuals
of which 42,884 individuals (179,275 observations) are low-skilled, 176,918 (930,975) are
skilled and 33,812 (156,645) are high-skilled workers. There are at least 53 individuals
in each county with an average of 505 individuals and a maximum of 5446. Descriptive
statistics can be found in Table 1.
(Table 1 about here.)
7The imputation procedure essentially adds a draw from a truncated normal distribution to each cen-
sored wage. The parameters of the distribution are estimated from the data by Tobit regressions that are
conducted separately for each year. The imputation typically aﬀects (in each year) between 1,229 and
28,275 cases (between 6.6% and 14.8%) of usually around 172,00 to 194,000 cases per year. The changing
number of censored cases are most likely related to the changing contribution limits over the years.
9Figure 1 displays the distributions of both ﬁrm-level and regional human capital ob-
served in the sample. Most workers are employed in ﬁrms with relatively low shares of
both high- and low-skilled workers. This ﬁnding is exactly what can be expected in Ger-
many with its generally skilled workforce. Note further that there is considerable more
variation in the ﬁrm-level than in the regional shares of the skill-groups which – relatively
unsurprisingly – implies that ﬁrms are more heterogeneous than regions with respect to
human capital.
(Figure 1 about here.)
3 Econometric model
To ﬁx thoughts, imagine an individual level production function
yifjct = f(i;c;t;f;j;HCi;HCft;HCct;expit;expft;expct;Kft;Kct) (1)
that links individual productivity yifjct of worker i in ﬁrm f in industry j situated in county
c at time t to individual ability i, ﬁxed characteristics of the ﬁrm f, the region c and the
industry j, time shocks t, as well as to the capital stock of the ﬁrm (Kft) and the region
(Kct), individual, ﬁrm-level and regional education (HCit;HCft;HCct) and experience
(expit;expft;expct). Assume further that wages and productivity are suﬃciently linked
in the sense that factors inﬂuencing productivity also inﬂuence wages. This assumption
seems not too far fetched as the wage measure used includes bonus payments that are tied
to individual performance.
Against that background, I follow Moretti (2004a,c) and estimate standard earnings
10equations of the form
yifjct = i + c + t + j + 0Xit + 0Wft + 0Zct + f  HCft + c  HCct + it (2)
where yifjct is the monthly log wage of worker i in ﬁrm f in industry j situated in county
c at time t. i, c, t and j are individual, county, time and (1-digit)-industry speciﬁc
ﬁxed eﬀects. HCft and HCct are the shares high-skilled workers at the ﬁrm and county
level respectively with f and c being the parameters of interest. Xit, Wft and Zct are
time-varying individual, ﬁrm-level and regional control variables. Finally, it is a standard
error term that is assumed to be uncorrelated with both HCft and HCct given the other
variables and ﬁxed eﬀects. As some of the variables of interest vary only on the county
level, all standard errors are adjusted for clustering on the county level (see Moulton 1990).
Note that the speciﬁcation in equation (2) could, for instance, be motivated by assuming
a Cobb-Douglas-form for equation (1).
There are several potential threats to identiﬁcation that need to be considered when
taking equation (1) to the data (see also Moretti, 2004c). The ﬁrst is the issue of unobserved
regional heterogeneity. We can easily imagine regional unobserved factors that are both
correlated with regional human capital and wages, e.g., the presence of high-tech clusters
in a certain region. To address this problem, county ﬁxed eﬀects c are added to equation
(2). The presence of these ﬁxed eﬀects implies that the human capital eﬀects are identiﬁed
using changes in the regional human capital composition over time.
A second issue is the possibility that regions diﬀer with respect to unobserved worker
ability, which could lead to spurious correlation between regional or ﬁrm-level human
capital if, e.g., high-ability workers select into ﬁrms or regions with high levels of human
11capital. This potential problem is addressed by exploiting the longitudinal structure of the
dataset and adding individual ﬁxed-eﬀects. Individual education HCi is then absorbed
by the individual ﬁxed eﬀect i. This treatment of education is warranted as individual
education in Germany is typically completed before entering the labor market as full-time
workers, in particular for the age groups contained in my sample. As the interest in this
paper lies on estimating the external returns to education, the fact that individual return
cannot be identiﬁed is relatively innocuous.
A third point is the presence of potential time-varying confounders on the ﬁrm and
regional level. Here, I ﬁrst control for most of the elements from equation (2) by including
potential individual experience as a second order polynomial, the ﬁrm-level and regional
shares of workers below 30, between 40 and 49 and with 50 or more years of age as proxies
for experience and, to control for changes in the regional stock of physical capital, the
number and area of completed non-residential buildings and the investments (in e) by
manufacturing plants. I also control for the ﬁrm-level and regional shares of low-skilled
workers to capture changes in the respective amount of human capital happening below
the level of high-skilled workers.
This treatment still leaves a potential problem as there might be unobserved shocks to
labor demand (see Moretti, 2004c). Here, I use several proxies that hopefully attenuate
these problems. The ﬁrst proxy is simply the regional unemployed rate. A second set
of indicators measures changes in the number of ﬁrms by using the number of plants in
manufacturing, the number of newly registered ﬁrms and the number of closed ﬁrms. A
ﬁnal proxy is an often used index of skill-group speciﬁc demand shifts proposed Katz and
Murphy (1992), which has also been applied by Moretti (2004a). The index uses the
regional industry structure to predict the eﬀect of nationwide demand shocks for a certain
12region. The main idea here is that regions specialize in a certain industry mix (see Bound
and Holzer, 2000, for evidence for the US) and are consequently aﬀected diﬀerently by
nationwide shocks to labor demand for a certain skill group in a certain industry.8
A ﬁnal issue is the lack of the ﬁrm identiﬁers in the data available to researchers
that could be used to add ﬁrm ﬁxed-eﬀects.9 However, the data contains a variable that
identiﬁes individuals that changed plants from one wave to the other. I use this variable to
restrict the sample to individuals who remained in the same plant (and consequently in the
same county) throughout the whole observation period. This strategy eﬀectively amounts
to the inclusion of individual-ﬁrm-county-speciﬁc ﬁxed eﬀects (see Moretti, 2004c) leading
to the estimating equation
yifjct = icf + t + j + 0Xit + 0Wft + 0Zct + f  HCft + c  HCct + it: (3)
Identiﬁcation in these models arises through changes in the ﬁrm- and county-level shares
of low- and high-skilled workers for individuals remaining in the same ﬁrm and county.
This strategy also attenuates the potential problem that the capital stock of the ﬁrm is
unobserved in the data. As far as one is willing to assume that ﬁrm-level capital has not
8I also experimented with county-industry-year-speciﬁc ﬁxed eﬀects similar to Moretti (2004b). How-
ever, this approach turned out be computationally impossible even given the (rather large) resources of
the research data center of the the Federal Employment Agency in the Institute of Employment Research.
In fact, estimation of these more-way error-component (or more-way ﬁxed-eﬀects) models is known to
be computationally non trivial for datasets of the size used in this paper (see Andrews, Schank and Up-
ward 2006). Estimation of the current model was possible using the Stata ado-ﬁle felsdvreg by Thomas
Cornelissen (see Cornelissen 2006, 2008 for a description). Additionally, I tried an instrumental variables
approach where the current shares of low- and high-skilled workers were instrumented with variables re-
lated to the regional supply of workers with various skill-levels, speciﬁcally the county-level numbers of
school-dropouts, of graduates with a German Abitur, of students in vocational schools and of vocational
schools, the Bundesland level shares of research and development expenditures in universities of GNP, of
research and development personnel in universities of all workers and the percentage of university grad-
uates in each age cohort (each as a second order polynomial). While the instruments were shown to be
valid in a ﬁxed-eﬀects regression on the sample of individuals without ﬁrm change, the estimates suﬀered
from severe weak instrument problems rendering them uninformative.
9The original data contains ﬁrm identiﬁers that are used to aggregate the social security records on the
plant level. However, for reasons of data protection these are removed before the data is made available
to researchers.
13changed much during the observation period, this approach eﬀectively controls for Kft from
equation (1). However, there is also a potential problem with this strategy as the sample of
stayers is self-selected, which may lead to biased estimates. Fortunately, the vast majority
of individuals in the data, speciﬁcally 35,811 out of 42,884 low-skilled workers, 150,522 out
of 176,918 skilled workers and 26,901 out of 33,812 high-skilled workers, does not move
which attenuates potential problems. Additionally, I report and compare estimates based
on equation (2) and (3) which should give an impression of the size of the potential problem.
A related problem might be that the existence of external returns to education is in fact
driven by individuals who change plants and beneﬁt from working in a new environment.
However, given the relatively low number of movers and the fact that it would be impossible
to control for unobserved ﬁrm characteristics in estimations restricted to movers, there is
not much that could be done about this problem.
Another potential problem, which is also prevalent in much of the other literature on
the external returns to education, is the fact that the data only contain monthly and not
hourly wages. While there is a priori no clear argument for a relationship between regional
human capital measures and individual working hours, which also makes any assumptions
regarding a possible bias in the data largely speculative, it should be kept in mind that
hourly wages would potentially be closer to productivity than my wage measure.
I estimate equations (2) and (3) separately for low-skilled, skilled and high-skilled
workers. Low-skilled workers are again those without post-school training, while skilled
workers have completed vocational training and high-skilled workers are those with an
academic degree. As mentioned in the introduction, imperfect substitution between low-
and high(er)-skilled workers may lead to a positive relationship between the wages of low-
skilled or skilled workers and the regional shares of high-skilled workers even when there
14are no human capital spillovers, while such an eﬀect for the wages of high-skilled workers
would constitute stronger evidence for the existence of spillovers. Additionally, a compari-
son of the eﬀects of the regional and ﬁrm-level shares of high-skilled workers provides some
evidence on the question whether eventual spillover eﬀects might be internalized by the
ﬁrms, for instance, in the wages of high-skilled workers. If most of the eﬀects are found
on the ﬁrm level, such an internalization would be at least possible, while a positive rela-
tionship between the regional share of high-skilled workers and wages would make such an
internalization appear less likely.
4 Results
Consider the econometric results displayed in Table 2. Note ﬁrst that most results are
practically identical in the models using both movers and stayers and the models using
only stayers. As most individuals do not change employers during the observation period,
this result is not particularly surprising.
Focusing on the results for the ﬁrm-level share of high-skilled workers, the results show
a signiﬁcant relationship with the wages of workers of all skill groups. In particular, the
result for the high-skilled workers cannot be explained with imperfect substitution eﬀects
and points towards the existence of human capital spillovers. The results also suggest
that the size of the spillover is relatively small: For low-skilled workers, a one percentage
point increase in the ﬁrm-level share of high-skilled workers raises wages by 0.1 percent,
while only slightly smaller and larger eﬀects are found for high-skilled and skilled workers,
respectively.
(Tables 2 and 3 about here.)
15In Table 3, I provide simulation results for the wage increases associated with a one
(overall or within) standard deviation increase in the share of high-skilled workers. For the
ﬁrm level shares, the wage changes associated with overall standard deviation increases are
in the magnitude of 1.0 to almost 3.0 percent, which is rather large. Taking the within
standard deviation as better representation of the actual changes for individuals observed
in the sample, however, leads to relatively meager wage increases between 0.3 and 0.8
percent. These results suggest much smaller wage changes in Germany than those found
by Battu, Belﬁeld and Sloane (2003) for the UK and Martin and Jin (2008) for Portugal.
Looking at the wage eﬀects of the regional shares of high-skilled workers reveals even
weaker eﬀects: For the sample containing both movers and stayers, the results are insignif-
icant and essentially zero for both low- and high-skilled workers. For skilled workers, they
suggest wage increases in the magnitude of 0.8 percent per percentage point increase of the
regional share of high-skilled workers. Qualitatively, this latter result is also found in the
stayer-sample, although the wage eﬀect shrinks to about one third of the previous eﬀect.
For low-skilled workers, the results from this model imply a negative wage eﬀect of the
regional share of high-skilled workers, while no eﬀect can again be found for high-skilled
workers.
Looking again at the simulation results in Table 3, we see negligible wage changes in
the magnitude of 0.01 to -0.7 percent for both low- and high-skilled workers. For skilled
workers, however, the results wage changes between 0.3 and 3.2 percent, depending on the
model and the variation measure used. These results generally suggest somewhat smaller
returns than those found by Moretti (2004a) for the US. They are, however, in line with the
evidence by Acemoglu and Angrist (2000). A direct comparison with Heuermann (2008)
who also uses German data is diﬃcult due to the diﬀerent estimation techniques used: As
16Heuermann (2008) uses instrumental variables and consequently identiﬁes an instrument-
speciﬁc eﬀect, in this case in favor of positive spillover eﬀects, it is not exactly clear whether
his eﬀect and the one identiﬁed in this paper are identical.
Taken together, the results suggest the existence of negligibly small external returns to
the ﬁrm-level shares of high-skilled workers. In other words, while there seem to be human
capital spillovers from high-skilled workers within ﬁrms, it seems unlikely that these eﬀects
matter much on a practical level. On the regional level, the results show no support for
external returns to education, except for skilled workers. However, even in the latter case,
returns are usually small for empirically relevant changes in the regional share of high-
skilled workers. Altogether, it seems safe to conclude that spillover eﬀects on the ﬁrm and
regional level do not matter much in Germany.
5 Conclusion
This paper provided evidence on the anatomy of human capital externalities arising from
both ﬁrm-level and regional human capital. Using panel data from German social security
records at the individual, ﬁrm and regional level, I estimated earnings functions augmented
with measures of ﬁrm-level and regional human capital while controlling for various types
of unobserved heterogeneity. The results show support for the existence of social returns
to the ﬁrm-level share of high-skilled workers for all types of workers. However, considering
the size of the eﬀects it seems unlikely that external returns to education matter much in
practice. Practically no wage eﬀects are found for the regional share of high-skilled workers,
except for the wages of skilled workers. Here, the results suggest wage changes between
0.3 and 3.2 percent for a standard deviation increase in the regional share of high-skilled
17workers.
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23Figure 1: Observed distributions of regional and firm-level human capital
variables, Kernel-density estimates
(a) Firm-level share of low-skilled workers (b) Regional share of low-skilled workers
(c) Firm-level share of skilled workers (d) Regional share of skilled workers
(e) Firm-level share of high-skilled workers (f) Regional share of high-skilled workers
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